Tamura et al. Thrombosis Journal 2014, 12:1 1 
http://www.thrombosisjournal.eom/content/1 2/1/1 1 



ORIGINAL CLINICAL INVESTIGATION Open Access 



Enhanced pre-operative thrombolytic status is 
associated with the incidence of deep venous 
thrombosis in patients undergoing total knee 
arthroplasty 

Yukinori Tamura 1 , Shigeshi Mori 2 , Shigeki Asada 2 , Naoyuki Kawao 1 , Shigeru Ueshima 3 , Hiroshi Kaji 1 , 
Junichiro Yamamoto 4 , Masao Akagi 2 and Osamu Matsuo 5 * 



Abstract 

Background: Deep venous thrombosis {DVT), which is often associated with pulmonary embolism (PE), is a serious 
complication after total knee arthroplasty (TKA). In the present study, we examined the overall thrombotic and 
thrombolytic status using Global Thrombosis Test {GTT) in non-anticoagulated blood of patients undergoing TKA 
to develop the predictable marker for the incidence of DVT. 

Methods: DVT was diagnosed using doppler ultrasonography a day after the surgery in 31 patients with 
osteoarthritis (n = 24), rheumatoid arthritis (n = 6) and ankylosing spondylitis (n = 1) by the well-trained operator. 
We measured overall thrombotic and thrombolytic status using GTT and other biomarkers, which is associated with 
blood coagulation and fibrinolysis, before and immediately after the surgery. 

Results: Newly-generated DVT during the operation was detected in 11 of 31 patients (35.4%) 1 day after TKA. 
There were no differences in markers of coagulation (PT and APTQ, platelet activity (platelet aggregation-induced 
by ADP and collagen) and fibrinolysis (FDP and D-dimer) between non-DVT and DVT group both before and after 
the surgery. Both Pre- and Post-operative GTT-occlusion times (OT), an index of platelet reactivity, were tended to 
be shorter, but not significant, in DVT group compared with non-DVT group. Pre-operative GTT-lysis time (LT), an 
index of thrombolytic activity, was significantly shorter in DVT group compared with non-DVT group, while there 
were no differences in post-operative value of this index between DVT group and non-DVT group, suggesting 
overall thrombolytic activity was enhanced in DVT group before surgery. 

Conclusions: Our data suggest that enhancement of pre-operative thrombolytic activity assessed by GTT may be a 
predictable marker for the incidence of DVT after TKA. 
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Background 

Deep venous thrombosis (DVT), which may cause 
serious pulmonary embolism (PE), is a fatal disease 
because of its high morbidity and mortality [1-3]. 
DVT is the most feared complication of major joint 
arthroplasy such as total hip arthroplasty (THA) and 
total knee arthroplasty (TKA) [4,5]. Despite advances 
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in surgical technique and clinical managements, patients 
undergoing these surgeries in the lower limbs remain 
at high risk for DVT and PE. Although DVT is often 
occurred within 24-48 hours after TKA, there is also a 
case that DVT is occurred on the day after this surgery 
[6]. It is therefore critical to predict the occurrence of 
DVT as early as possible for the prevention of PE in these 
patients. However, there is presently no single laboratory 
marker available to predict or exclusively confirm the 
diagnosis of DVT [7,8]. 
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The most widely accepted and utilized assay, D-dimer, is 
highly sensitive and therefore useful for exclusion of the 
disease but lacks the specificity necessary to confirm the 
diagnosis [7]. For this reason additional studies including 
duplex ultrasound, venography, V/Q scanning, helical thor- 
acic and pelvic CT scans and pulmonary angiography re- 
main the standard for diagnosis of DVT and PE. 

The global thrombosis test (GTT) is a novel comprehen- 
sive test of platelet reactivity, coagulation, and spontaneous 
thrombolytic activity [9]. As this test is performed 
from whole (non-anticoagulated) blood, it is genuinely 
different, and free from many of the shortcomings of 
conventional platelet test and coagulation, which employ 
citrate-anti-coagulated blood [9-14]. The aim of the present 
study was to investigate whether this novel test of overall 
thrombotic and thrombolytic status can predict the 
incidence of DVT in patient with undergoing TKA. 

Methods 

Study population 

The study protocol was approved by the Ethics Committee 
of Kinki University Faculty of Medicine (Osakasayama, 
Japan), and written informed consent was obtained from 
each patient. The study included 31 patients (3 male and 
28 female) with osteoarthritis (n = 24), rheumatoid arthritis 
(n = 6) and ankylosing spondylitis (n = 1), who underwent 
TKA consecutively between September 2010 and November 
2011 by well-trained operator who has been performing 
TKA more than 28 years experience of TKA. The patients 
ranged in age from 55 to 84 years (mean±SD, 72.3 ± 
7.6 years). The medication of anti-coagulant, such as hep- 
arin was discontinued a week before surgery in patients 
undergoing anticoagulative theraphy. The total operation 
time was 86 ± 11 min. 

Doppler ultrasonography 

Before and a day after TKA, doppler ultrasonography was 
performed on all patients from the bilateral femoral to 
lower limb to detect the existence of DVT. Those patients 
with a previous history of DVT and/or those for which the 
existence of DVT was detected preoperatively were also 
included in present study. Aged and newly-generated 
DVT were distinguished by vessel size and brightness of 
thrombus. The vessel, in which new thrombus exists, was 
extended more than 6 mm in diameter, and was not 
crushed by pressure (Figure 1A). In addition, newly- 
generated thrombus had low brightness (Figure 1A). In 
contrast, aged thrombus was small and had high bright- 
ness, and the vessel, in which aged thrombus exists, was 
crushed by pressure (Figure IB). 

Blood sampling 

Blood was collected before and immediately after TKA 
from antecubital vein using 21 G butterfly needle 
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Figure 1 The difference between newly-generated and aged 
DVT. A, B: Typical newly-generated (A) and aged (B) DVT in soleus 
muscle of patients after TKA with (right panel) or without (left panel) 
pressure. White arrow indicates the aged venous thrombus in venous 
of soleus muscle of patients. 

V J 

(TERUMO, Tokyo, Japan) in an air conditioned room 
(25±0.5°C). The first 11 ml blood was used for meas- 
urement of D-dimer, fibrin degradation product (FDP), 
PT, APTT and for ADP- and collagen-induced platelets 
aggregation tests, while the subsequent 9.0 ml (for trip- 
licate measurements (3.0 ml in each measurement)) 
non-coagulated blood was used to perform the Global 
Thrombosis Test. 

Global thrombosis test (GTT) 

The instrument and technique (GTT, Montrose Diagnostics, 
UK) have previously been described in detail [15]. The 
principle of the technique is detailed in Figure 2. In 
brief, non-anticoagulated blood is introduced into, and 
flows through, a plastic tube in which two metal balls 
occupy the conical part of the tube. There are four nar- 
row gaps between the inner plastic surface and the 
balls. When blood flows through the gaps adjacent to 
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Figure 2 Principle of the GTT. A: Blood flows at 37°C under the influence of gravity through a narrow gap [1] formed between the larger ball 
bearing and the inner wall of the tube, where high shear stress (175 dyn/cm 2 ) activates platelets. These activated platelets remain single, since 
the very short transit time and high shear prevent aggregation. In contrast, in the space downstream, low shear and turbulent flow favour large 
platelet aggregate formation. The activated platelets generate thrombin and initiate coagulation. The flow then carries these fibrin-stabilized platelet 
aggregates into the gap resulting in occlusion of the gap and arrest of flow. B: A flat segment created along the inner wall of a conical plastic tube 
forms the basis of the technique, since it prevents the round steel ball bearing from occluding the lumen. When blood is added, it flows 
through the narrow gaps by the ball and exits in droplets into an adjacent collecting tube. The latter is trans-illuminated and a light sensor 
generates a signal whenever a drop of blood interrupts the light path. The instrument detects the time interval [d] between consecutive 
blood drops [2]. 



the upper ball, the resulting high initial shear stress 
(175 dyn/cm 2 ) causes activation of the platelets. In the 
space between the balls, due to the turbulent flow and 
low shear, the activated platelets aggregate. Thrombin 
is generated, which accelerates the formation of these 
aggregates and stabilizes them through fibrin. When 
these stable thrombi reach the gaps around the lower 
ball, they gradually occlude these gaps, reducing the 
flow rate and finally stopping the flow of blood. The in- 
strument measures the time (d) between two consecu- 
tive blood drops. This time interval increases gradually 
as flow slows down and at an arbitrary point (d > 15 s, 
before reaching complete occlusion), the end-point of 
the measurement is displayed (occlusion time OT; sec- 
onds). The restart of blood flow following occlusion is 
due to spontaneous thrombolysis (lysis time, LT; sec- 
onds). If lysis does not occur until 6000 s following OT 
(LT cut-off time), "no thrombolysis" is recorded. We av- 
eraged the data from triplicate measurement of GTT. 

Statistical analysis 

The values of OT and LT were shown as the medians 
(minimum and max values), and comparisons between 
groups are evaluated using non-parametric methods 
(Mann- Whitney U test). Other parameters were expressed 
as means ± SD, and statistical significance in independent 
pairs (non-DVT and DVT group) and dependent groups 
(before and after surgery) were analyzed by unpaired and 



paired t test, respectively. P value less than 0.05 was con- 
sidered as limit of significance. These calculations were 
made with the software package Stat View (ver. 5.0, SAS 
Institute, NC, USA). Analysis based on receiver-operating 
characteristic (ROC) curve was performed with the SPSS 
software package (ver. 18, International Business Machines 
Corporation, NY, USA). 

Results 

The prevalence of DVT and the characteristic of non-DVT 
and DVT group 

DVT was diagnosed in 11 of 31 patients resulting in an 
incidence of 35.4% (Table 1). There was no pulmonary 
embolism. Although DVT group had lower body weight 
compared with DVT group, no significance was ob- 
served in age and BMI between non-DVT group and 
DVT group (Table 1). The aged DVT was detected pre- 
operatively in 54.5% of patient with post-operative inci- 
dence of DVT before surgery (Table 1). 

Parameters of blood coagulation and platelet activity 

The values of PT (sec) was slightly increased in DVT 
group immediately after the surgery compared with be- 
fore surgery, while there was no difference in the values 
of PT and APTT between non-DVT and DVT group both 
before and immediately after surgery (Table 2). Platelets 
number and platelet aggregation-induced by ADP or col- 
lagen were also not observed significant difference 
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Table 1 Characteristic of non-DVT and DVT groups 



Non-DVT 

(n = 20) 



DVT 

(n = 11) 



p value 



Male/female 


1/19 


2/9 




Age (year) 


70.7 ± 8.5 


75.1 ±5.2 


0.127 


Height (cm) 


153.0 ±6.8 


150.6 ±6.2 


0.249 


Weight (kg) 


60.3 ±10.5 


52.9 ±6.9 


0.046 


BMI (kg/m 2 ) 


25.4 ±3.7 


23.6 ±3.2 


0.196 


Diagnosis (number (%)) 








Osteoarthritis 


15 (75.0%) 


9 (81.8%) 




Rheumatoid arthritis 


5 (25.0%) 


1 (9.1%) 




Ankylosing spondylitis 


0 (0%) 


1 (9.1%) 




Medical history (number (%)) 








Aged DVT 


1 (5.0%) 


6 (54.5%) 




Hypertension 


15 (75.0%) 


7 (63.6%) 




Diabetes mellitus 


2 (10.0%) 


3 (27.2%) 




Hyperlipidemia 


5 (25.0%) 


3 (27.2%) 




CVD 


3 (15.0%) 


0 (0%) 




Stroke 


0 (0%) 


1 (9.1%) 




Cancer 


1 (5.0%) 


0 (0%) 




Hyperuricemia 


3 (15.0%) 


0 (0%) 





CVD; cardiovascular disease. 

between non-DVT and DVT group both before and im- 
mediately after surgery (Table 2). 

Parameter of fibrinolysis 

No differences were observed in the values of FDP, a 
marker of primary and secondary fibrinolysis, between 
non-DVT and DVT patient both before and immediately 
after surgery (Table 2). The post-operative values of D- 
dimer, a marker of secondary fibrinolysis, was increased 



both in non-DVT group and DVT group, while there 
was no difference in the values of D-dimer between 
non-DVT and DVT group both before and immediately 
after surgery (Table 2). 



Overall thrombotic and thrombolytic status assessed by GTT 

To assess the overall thrombotic and thrombolytic sta- 
tus, GTT was performed in patients before and immedi- 
ately after the surgery. The pre- and post-operative 
values of OT, which reflects the thrombotic activity, 
were tended to be shorter in DVT group compared with 
non-DVT group (Table 3), while there was no significant 
difference in these values of OT between non-DVT 
group and DVT group (Table 3). The pre-operative 
values of LT, an index of the endogenous thrombolytic 
activity, in DVT group was markedly shorter than that 
in non-DVT group, whereas no difference was observed 
in the post-operative values of LT between DVT and 
non-DVT groups (Table 3). These data suggest that the 
pre-operative endogenous thrombolytic activity is en- 
hanced in DVT group. 



The sensitivity and specificity of LT before TKA in DVT 

The calculations of sensitivity and specificity of LT before 
TKA in the detection of DVT are shown in Table 4. When 
LT (<2600 sec) before the surgery is used as a marker of 
DVT immediately after the surgery, sensitivity is 90.9%, 
specificity is 65.0%. We also performed the analysis based 
on receiver-operating characteristic (ROC) curve using 
statistical software. This analysis revealed that highest 
combined sensitivity (90.9%) and specificity (65.0%) were 
shown when cut-off value was set 2593 sec (LT before the 
surgery). 



Table 2 Parameters of coagulation, aggregation and fibrinolysis in non-DVT and DVT groups before or after TKA 







Before TKA 






After TKA 




Non-DVT 


DVT 


p value 


Non-DVT 


DVT 


p value 


PT (sec) 


1 1 .4 ± 0.7 


1 1 .4 ± 0.6 


0.938 


1 1 .9 ± 0.6 


1 2.3 ± 0.7t 


0.088 


PT (%) 


99.2 ± 14.6 


98.0 ±11.8 


0.825 


87.0 ±21.8* 


82.9 ± 10.31 


0.568 


PT (INR) 


1.01 ±0.07 


1.01 ±0.05 


0.984 


1 .04 ± 0.07 


1 .09 ± 0.061 


0.078 


AP^ (Sec) 


27.2 ±3.0 


26.9 ± 1 .8 


0.793 


28.1 ±3.6 


28.2 ±2.1 


0.926 


Platelets (10 4 /mD 


24.2 ± 7.9 


23.3 ± 6.2 


0.750 


22.4 ± 7.5 


21. 4 ±5.5 


0.686 


ADP2.5 (%) 


56.1 ±16.5 


53.0 ±16.7 


0.645 


52.6 ± 17.1 


50.5 ±13.6 


0.746 


ADP5.0 (%) 


71.2 ± 14.6 


69.2 ± 1 7.3 


0.746 


65.3 ±13.2 


68.3 ±13.9 


0.575 


ADP10.0 (%) 


81.3 ±17.5 


79.7 ± 14.4 


0.810 


74.8 ± 16.3 


73.9 ± 29.2 


0.919 


Col 1.0 (%) 


47.8 ± 30.4 


49.0 ± 23.0 


0.905 


35.1 ±29.1 


25.3 ± 25.9 


0.384 


FDP (ug/ml) 


4.7 ± 2.0 


4.4 ± 1 .3 


0.671 


5.3 ± 2.5 


5.2 ± 2.3 


0.953 


D-dimer (pig/ml) 


1 .3 ± 1 .0 


1 .0 ± 0.5 


0.301 


2.2 ± 1 .8* 


3.0 ± 2.5 1 


0.311 



ADP2.5, ADP5.0, ADP10.0; Platelet aggregation-induced by ADP (2.5, 5.0 and 10.0 ug/ml, respectively). CoH.0; platelet aggregation-induced by collagen (1.0 ug/ml). 
*; p < 0.05 vs non-DVT group before surgery, t; p < 0.05 vs DVT group before surgery. 
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Table 3 OT and LT in non-DVT and DVT groups before or 
after TKA 



Before TKA After TKA 





Non-DVT 


DVT 


p value 


Non-DVT 


DVT 


p value 


Median OT 
(Sec) 


460.8 


417.1 


0.069 


498.5 


381.1 


0.083 


(Min) 


314.2 


313.9 




249.0 


307.7 




(Max) 


665.1 


531.9 




778.2 


539.8 




Median LT 
(Sec) 


2962.0 


1852.7 


0.003 


2560.5 


2880.5 


0.804 


(Min) 


1679.0 


1383.0 




1366.9 


1670.0 




(Max) 


5222.0 


2992.5 




5952.0 


3905.0 





Discussion 

It is critical to predict the incidence of DVT after major 
joint arthroplasty such as TKA and THA because of 
high frequency (more than 40%) in the incidence of 
DVT after the surgery [4,5]. The formation of throm- 
bosis is multifactorial Virchow's triad (hypercoagulabil- 
ity, endothelial injury, and venous stasis) established the 
basis of understanding the pathogenesis of venous 
thrombosis [16-18]. Therefore, clinical method, which 
can assess the thromobotic and thrombolytic status 
more physiologically, has been necessary than single bio- 
marker to predict the incidence of DVT. However, many 
clinical researchers have made an attempt to predict or 
diagnose the DVT using single biomarker, or agonist- 
induced platelet aggregation, due to the technical limita- 
tion [7]. 

It has been suggested that the D-dimer test may be 
useful in early detection of DVT. Many studies of non- 
traumatized patients reported that the plasma D-dimer 
assay is indicative of DVT [19-21]. However, the value of 
D-dimer in DVT after TKA remains controversial. Some 
report showed that a high level of D-dimer was most 
sensitive with 94.4% for TKA and most specific with 
90.0% for TKA in the diagnosis of DVT after TKA [22]. 
In contrast, other studies reported a negative value of D- 
dimer in the diagnosis of DVT after TKA. Bounameaux 

Table 4 Sensitivity and specificity of different 



preoperative LT in DVT after TKA 





DVT 

(n = 11) 


Non-DVT 
(n = 20) 


Sensitivity (%) 


Specificity (%) 


LT (sec) 










<3000 vs >3000 


11 vs 0 


10 vs 10 


100.0 


50.0 


<2800 vs >2800 


10 vs 1 


9 vs 11 


90.9 


55.0 


<2600 vs >2600 


10 vs 1 


7 vs 13 


90.9 


65.0 


<2400 vs >2400 


9vs2 


7 vs 13 


81.8 


65.0 


<2200 vs >2200 


7 vs4 


6 vs 14 


63.6 


70.0 


<2000 vs >2000 


6vs5 


5 vs 15 


54.5 


75.0 



et al. reported that measurement of plasma D-dimer 
concentration is not value for predicting, diagnosing or 
ruling out DVT in patient undergoing TKA [23]. Harper 
et al. also stated that the D-dimer measurement is too 
insensitive to use as reliable exclusion test in cases of 
suspect [24]. We also observed no difference in D-dimer 
between DVT and non-DVT patients both before and 
after TKA, whereas D-dimer levels were increased after 
TKA in both non-DVT and DVT patients. An elevated 
D-dimer does not always indicate the presence of a clot 
because a number of other factors can cause an in- 
creased level. It has been suggested that elevated levels 
may be seen in conditions in which fibrin is formed and 
then broken down, such as surgery, trauma, infection, 
heart disease, and some cancers or conditions in which 
fibrin is not cleared normally, such as liver disease [25]. 
Therefore, D-dimer test alone may be not accurate 
enough in prediction or detection of early DVT. This 
limitation of D-dimer test may reflect the limitation for 
predicting the DVT using single serum biomarker. 

In the present study, we assessed the feasibility of 
GTT as a novel marker for predicting the incidence of 
DVT after TKA as a pilot study, which has been oper- 
ated by the well-trained operator. This design could 
avoid the influence to the result due to the operator s 
technique. The unique features of GTT are employing 
non-anticoagulated blood and solely high shear to trig- 
ger platelet activation, which makes this more physio- 
logical than other platelet function tests performed on 
citrate-anticoagulated blood or those employing various 
exogenous agonists to stimulate platelets [10]. In the 
GTT, initial activation of platelets is due to high shear 
stress, akin to that in an artery with a 70% luminal sten- 
osis, on which thrombosis is likely to occur [26]. Subse- 
quently ADP released from shear- activated platelets and 
red cells [27] aggregates platelets and induces thromb- 
oxane formation. Activated platelets generate thrombin, 
accelerating aggregation and fibrin stabilizes the labile 
platelet aggregates. Thus, this technique takes into ac- 
count all the major players in thrombus formation (high 
shear, ADP, and thrombin) and is the closest approxima- 
tion to thrombotic formation in vivo, and can detect 
overall thrombotic status. 

A further advantage of the GTT is that it allows for 
the first time the measurement of endogenous thrombo- 
lytic activity [28]. Due to the previous lack of a global fi- 
brinolysis test, a battery of markers of the activators and 
inhibitors of the fibrinolytic system have been used but 
the practical value of these fibrinolysis markers is low 
and questionable [29]. Thrombolysis, as opposed to clot 
lysis, could not be measured. The GTT is the unique 
technique to measure formation and then lysis of 
platelet-rich thrombi, providing a true assessment of en- 
dogenous thrombolytic status. 
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In the present study, we found that pre-operative LT 
in DVT patients was shorter than that in non-DVT pa- 
tients. Furthermore, the present study showed that pre- 
operative LT of shorter than 2600 sec is sensitive and 
moderator specific enough in the prediction of DVT 
after surgery. Thrombosis is induced by the alteration of 
blood components, blood flow and blood vessel struc- 
ture [16]. The vessel occlusion due to the compression 
of the leg with high pressure during the operation and 
re-perfusion of blood flow after the operation might be 
associated with the occurrence of DVT at the local site 
of vessel in the leg after TKA. OT is the time to form an 
occlusive thrombus under high shear stress in the GTT 
plastic tube. LT is the time of the restart of blood flow 
following occlusion in the GTT plastic tube, and may be 
affected by the fibrinolytic activity, shear stress and the 
degree of aggregation of thrombus generated in the 
GTT plastic tube. Therefore, pre-operative LT assessed 
in systemic venous blood sample might not simply re- 
flect the fibrinolytic status, and might be also not dir- 
ectly linked with thrombotic status of the local site 
where DVT may occur. In contrast to pre-operative LT, 
post-operative LT were not observed significant differ- 
ences between DVT and non-DVT patients. This might 
be due to the elevation of a lot of factor, such as coagu- 
lation, anti-coagulation, fibrinolysis factor, and inhibitor 
of fibrinolysis during and at the end of total joint arthro- 
plasty [30]. We also observed pre- and post-operative 
OT were not significant difference between non-DVT 
and DVT group, but these values were tended to be 
shorter in DVT group compared with non-DVT group. 
Taken together, pre-operative LT may be a novel marker 
for predicting the occurrence of DVT after TKA. How- 
ever, further study including larger population would be 
necessary to establish GTT as predictable tool of DVT. 

Conclusions 

We showed the possibility of pre-operative endogenous 
thrombolytic status assessed by GTT as a predictable 
marker for the occurrence of DVT after TKA. Because 
GTT can be used at bedside, and it is very easy to apply, 
GTT may be a beneficial tool for prediction of DVT in 
patients undergoing total joint replacement therapy. 

Abbreviations 

DVT: Deep venous thrombosis; THA: Total hip arthroplasity; TKA: Total knee 
arthroplasty; G^: Global thrombosis test; FDP: Fibrin degradation product; 
OT: Occlusion time; LT: Lysis time. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

YT participated in all experiments, drafted manuscript and performed the 
statistical analysis. SM, SA and AM participated in all experiments and helped 
to draft the manuscript. NK, US, HK, and JY helped to draft the manuscript. 



OM conceived of the study, and participated in its design and coordination 
and drafted manuscript. All authors read and approved the final manuscript. 

Acknowledgement 

We thank Kazunari Maeda (Clinical Laboratory, Kinki University Hospital, 
Faculty of Medicine) for technical assistance. 

Author details 

department of Physiology and Regenerative Medicine, Kinki University 
Faculty of Medicine, 377-2 Ohnohigashi, Osakasayama, Osaka 589-851 1, 
Japan, department of Orthopaedic Surgery, Kinki University Faculty of 
Medicine, 377-2 Ohnohigashi, Osakasayama, Osaka 589-851 1, Japan, 
department of Food Science and Nutrition, Kinki University Faculty of 
Agriculture, 3327-204 Nakamachi, Nara 631-0052, Japan, laboratory of 
Physiology, Faculty of Nutrition, Kobe Gakuin University, 518 Arise, 
Igawadani-cho, Nishi-ku, Kobe 651-2180, Japan. 5 Kinki University Faculty of 
Medicine, 377-2 Ohnohigashi, Osakasayama 589-851 1, Japan. 

Received: 28 December 2013 Accepted: 9 April 2014 
Published: 27 May 2014 



References 

1 . Heit JA: The epidemiology of venous thromboembolism in the 
community. Arterioscler Thromb Vase Biol 2008, 28:370-372. 

2. Huisman MV, Klok FA: Diagnostic management of acute deep vein 
thrombosis and pulmonary embolism. J Thromb Haemost 2013, 
11:412-422. 

3. Carrier M, Righini M, Le Gal G: Symptomatic subsegmental pulmonary 
embolism: what is the next step? J Thromb Haemost 2012, 10:1486-1490. 

4. Fisher WD: Impact of venous thromboembolism on clinical management 
and therapy after hip and knee arthroplasty. Can J Surg 201 1, 54:344-351. 

5. Nikolaou VS, Desy NM, Bergeron SG, Antoniou J: Total knee replacement 
and chemical thromboprophylaxis: current evidence. Curr Vase Pharmacol 
2011,9:33-41. 

6. Yamaguchi T, Hasegawa M, Niimi R, Sudo A: Incidence and time course of 
asymptomatic deep vein thrombosis with fondaparinux in patients 
undergoing total joint arthroplasty. Thromb Res 2010, 126:e323-e326. 

7. Pabinger I, Ay C: Biomarkers and venous thromboembolism. Arterioseler 
Thromb Vase Biol 2009, 29:332-336. 

8. Hou H, Ge Z, Ying P, Dai J, Shi D, Xu Z, Chen D, Jiang Q: Biomarkers of 
deep venous thrombosis. J Thromb Thrombolysis 2012, 34:335-346. 

9. Saraf S, Christopoulos C, Salha IB, Stott DJ, Gorog DA: Impaired 
endogenous thrombolysis in acute coronary syndrome patients predicts 
cardiovascular death and nonfatal myocardial infarction. J Am Coll Cardiol 
2010,55:2107-2115. 

10. Gorog DA, Sweeny JM, Fuster V: Antiplatelet drug 'resistance'. Part 2: 
laboratory resistance to antiplatelet drugs-fact or artifact? Nat Rev Cardiol 
2009, 6:365-373. 

1 1 . Bouman HJ, Van Werkum JW, Hackeng CM, Verheugt FW, Ten Berg JM: The 
importance of anticoagulant agents in measuring platelet aggregation 
in patients treated with clopidogrel and aspirin. J Thromb Haemost 2008, 
6:1040-1042. 

12. Kalb ML, Potura L, Scharbert G, Kozek-Langenecker SA: The effect of 
ex vivo anticoagulants on whole blood platelet aggregation. Platelets 

2009, 20:7-11. 

13. Suehiro A, Wakabayashi I, Yamashita T, Yamamoto J: Attenuation of 
spontaneous thrombolytic activity measured by the global thrombosis 
test in male habitual smokers. J Thromb Thrombolysis. 2014, 37:414-418. 

14. Ijiri Y, Ikarugi H, Tamura Y, Ura M, Morishita M, Hamada A, Mori M, Mori H, 
Yamori Y, Ishii H, Yamamoto J: Antithrombotic effect of taurine in healthy 
Japanese people may be related to an increased endogenous 
thrombolytic activity. Thromb Res 2013, 131:158-161. 

15. Yamamoto J, Yamashita T, Ikarugi H, Taka T, Hashimoto M, Ishii H, Watanabe 
S, Kovacs IB: Gorog Thrombosis Test: a global in-vitro test of platelet 
function and thrombolysis. Blood Coagul Fibrinolysis 2003, 14:31-39. 

16. Esmon CT: Basic mechanisms and pathogenesis of venous thrombosis. 
Blood Rev 2009, 23:225-229. 

17. Reitsma PH, Versteeg HH, Middeldorp S: Mechanistic view of risk factors 
for venous thromboembolism. Arterioscler Thromb Vase Biol 2012, 
32:563-568. 



Tamura et al. Thrombosis Journal 2014, 12:1 1 
http://www.thrombosisjournal.eom/content/1 2/1/1 1 



Page 7 of 7 



18. Lopez JA, Chen J: Pathophysiology of venous thrombosis. Thromb Res 
2009, 123(Suppl 4):S30-34. 

19. Goodacre S, Sampson FC, Sutton AJ, Mason S, Morris F: Variation in the 
diagnostic performance of D-dimer for suspected deep vein thrombosis. 
Q/M 2005, 98:513-527. 

20. Luxembourg B, Schwonberg J, Hecking C, Schindewolf M, Zgouras D, 
Lehmeyer S, Lindhoff-Last E: Performance of five D-dimer assays for the 
exclusion of symptomatic distal leg vein thrombosis. Thromb Hoemost 
2012, 107:369-378. 

21. Fancher TL, White RH, Kravitz RL: Combined use of rapid D-dimer testing 
and estimation of clinical probability in the diagnosis of deep vein 
thrombosis: systematic review. BMJ 2004, 329:821. 

22. Shiota N, Sato T, Nishida K, Matsuo M, Takahara Y, Mitani S, Murakami T, 
Inoue H: Changes in LPIA D-dimer levels after total hip or knee arthroplasty 
relevant to deep-vein thrombosis diagnosed by bilateral ascending 
venography. J Orthop Sci 2002, 7:444-450. 

23. Bounameaux H, Miron MJ, Blanchard J, De Moerloose P, Hoffmeyer P, 
Leyvraz PF: Measurement of plasma D-dimer is not useful in the 
prediction or diagnosis of postoperative deep vein thrombosis in 
patients undergoing total knee arthroplasty. Blood Coagul Fibrinolysis 
1998, 9:749-752. 

24. Harper P, Marson C, Grimmer A, Monahan K, Humm G, Baker B: The rapid 
whole blood agglutination d-dimer assay has poor sensitivity for use as 
an exclusion test in suspected deep vein thrombosis. N Z Med J 2001, 

114:61-64. 

25. Becattini C, Lignani A, Masotti L, Forte MB, Agnelli G: D-dimer for risk 
stratification in patients with acute pulmonary embolism. J Thromb 
Thrombolysis 2012, 33:48-57. 

26. Merino A, Cohen M, Badimon JJ, Fuster V, Badimon L: Synergistic action of 
severe wall injury and shear forces on thrombus formation in arterial 
stenosis: definition of a thrombotic shear rate threshold. J Am Coll Cardiol 
1994, 24:1091-1097. 

27. Saraf S, Wellsted D, Sharma S, Gorog DA: Shear-induced global thrombosis 
test of native blood: pivotal role of ADP allows monitoring of P2Y12 
antagonist therapy. Thromb Res 2009, 124:447-451. 

28. Kovacs IB, Gorog DA, Yamamoto J: Enhanced spontaneous thrombolysis: a 
new therapeutic challenge. J Thromb Thrombolysis 2006, 21:221-227. 

29. Gorog DA: Prognostic value of plasma fibrinolysis activation markers in 
cardiovascular disease. J Am Coll Cardiol 2010, 55:2701-2709. 

30. Dahl OE, Pedersen T, Kierulf P, Westvik AB, Lund P, Arnesen H, Seljeflot I, 
Abdelnoor M, Lyberg T: Sequential intrapulmonary and systemic 
activation of coagulation and fibrinolysis during and after total hip 
replacement surgery. Thromb Res 1993, 70:451-458. 



doi:1 0.1 1 86/1 477-9560-1 2-1 1 

Cite this article as: Tamura et al.: Enhanced pre-operative thrombolytic 
status is associated with the incidence of deep venous thrombosis in 
patients undergoing total knee arthroplasty. Thrombosis Journal 
2014 12:11. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



